T2K実験におけるミューオン型反ニュートリノ消失の測定 by Hiraki, Takahiro










（ 続紙 １ ）                             
京都大学 博 士（ 理 学 ） 氏名 平木 貴宏 
論文題目 
 




This thesis reports the measurement of the muon antineutrino disappearance in 
the T2K experiment. 
The T2K (Tokai to Kamioka) experiment is an accelerator-based long-baseline 
neutrino oscillation experiment. The muon neutrino beam is produced at the J-
PARC accelerator and is detected by the near detector complex and by the far 
detector, Super-Kamiokande, which is 295 km away from J-PARC. The muon monitor 
and the on-axis near detector monitor the beam profile and confirm that the 
neutrino beam direction has been well-controlled. The far detector and one of 
the near detectors are placed in the off-axis direction to the neutrino beam 
center, where the neutrino beam has a narrow energy peak of 0.6 GeV and the 
muon neutrino oscillation probability is expected to be maximum. 
In 2014, T2K took the first antineutrino beam data. The author studied the 
muon beam profile and its dependence on the beamline condition in the 
antineutrino beam mode by using the muon monitor. The long-term stability of 
the detectors in the muon monitor under high radiation environment had been 
carefully monitored and are reported in the thesis. 
Neutrinos are generated as decay-products of the hadrons, which are produced 
by the interaction of the accelerated proton beam and the carbon target. The 
neutrino fluxes and their uncertainties at the near and far detector in the 
antineutrino mode as well as in the neutrino mode are predicted by the Monte 
Carlo simulation with data from external hadron production experiments. The 
author improved the neutrino flux prediction. The uncertainties of the 
neutrino flux parameters and some types of the neutrino-nucleus interactions 
at the far detector are reduced by the measurement at the off-axis near 
detector. By using the improved neutrino event prediction, the author 
performed the first muon antineutrino disappearance analysis in the T2K 
experiment. If the result is different from those obtained with muon neutrino, 
it would indicate the violation of the CPT symmetry or existence of unknown 
neutrino-matter interaction. Using a dataset corresponding to 4.01x1020 
protons-on-target which were accumulated between 2014 and 2015, T2K observed 
34 fully contained mu-like events, while the expected number of events in case 
of the maximal disappearance is 34.6. The disappearance of muon antineutrino 
was clearly observed. The best-fit antineutrino oscillation parameters are 
sin223 =0.45 and m
2
32 = 2.51x10
-3 eV2. The 68.3% confidence interval of sin223 
is 0.38 to 0.64 and that of m232 is 2.26 〜 2.80(x10
-3)eV2, having achieved 
world-leading precision. These results are in agreement with those measured 
for neutrino by T2K and demonstrate that the standard neutrino oscillation 
framework is valid.  
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